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Abstract

Fish populations in Lake Mendota, Lake Monona, Lake Waubesa and Lake Kegonsa were sampled to
identify specieswithin variousnearshoréabitatsandto assess potential factors that may afépetcies
distributions Lake Mendota and Lake Monona were samplie2D siteseachin 2017 using wadable DC
electroshocking geand targeting smalldrodied fish Lake Kegonsa was sampled 8tsites in 2019
and Lake Waubesa a8 $ites in 2020 using the sarakectroshockingyear. Thesurveys were also useful
for reviewing the status of environmentally sensitased uncommon speciésat werepreviously found

in the lakes With the exception of the tadpole madtado{urus gyrinu} the status o§even other small
littoral zone species thaad disappearddom theYaharaChain of Lakesemain unchanged\one were
found. The tadpole madtom wascentlydiscoveredat one siten Cherokee Marsh arat two sitesn

Lake KegonsaOther small nongame fish species, including the lowa dd&tke¢stoma exi)e
displayed a clear preference tmbblegravelshoals. However, thishabitat typds nowuncommorin

the lakesasmost shorelines are armored with riprap and to a lesser extent se@watiatasuggestshat
in addition towidely accepte@nvironmenthfactors such as eutrophication, invasive Eurasian
watermilfoil, andnumerougiers,thesesmall nongame fish species atsosusceptible tsustained high
water levels combined with shoreline armoririthe pattern is similar for all four laked/ost littoral
zoneghatarelined with boulder riprapandare primarily inhabitedby green sunfishliepomis cyanellys
yellow bullhead Ameiurus natalif juvenile smallmouth bass (Micropterus dolomieu), blueb@jppomis

macrochiru$ and juvenildargemouth basdVicropterus salmoidés
Introduction

Lake assessments are typically basedtrophic sta¢ indicators (i.e., TSI secchi water clarity, TSI
phosphorus and TSI chlorophyll), macrophyte surveys, plankton analysis, and spoofiislation
inventories. Focusing on water quality is understandable given the pervasive threats and impacts to the
Madison lakes from primarily agricultural phosphorus loading urban runoffKara et al. 2014, Lathrop
2007). However mportant ecosystem indicat@sch as nearshore figlopulationsare often overlooked

in lake assessments

Nongame fish species are rarely surveyed since they offer no perceived economic benefit compared to more
familiar gamefish populations. Some nearshore fish species are vativeeéaenvironmental degradation

and have been descr i be(@aumsitzZ0@5ESmal nangamésh areimpontant ¢ o a |
food weblinks and population declines can revealironmentaktresses that traditional lake monitoring
methodsoverlook. Nearshore fish survegan also be usefulfor gamefish managemeasincejuvenile

stages of popular sportfigite detected in these areas as.well



The status of Lake Mendota nongame fish species was assedségild ur i ng t he(lLyenar |y 198
1989). Eight speciesppeared to have disappeared since earlier sutbeypugnose shineNotropis

anogenul common shinerLuxilus cornutuy blackchin shinerNotropis heterodoh blacknose shiner

(Notropis heterolepis tadpole madtomNoturus gyrinug banded killifish Fundulus diaphanys

blackstripe topminnowHundulus notatus and fantail darter5theostoma flabellaje Their

disappearance coincided withe colonization and explosive expansion of iimeasive aquatic plant

Eurasan watermilfoil(Myriophyllumspicatuminthelaked n t he | ate 19606s and eal

Besides invasive plants such as Eurasian watermiltbiérdhabitat factors can also affect
environmentally sensitive nongame fish. For example, large piers caoydedt habitat by shading
aquatic plants (Garrison et al. 2005, Radomski 28@reline development and bank armoring can
modify the terrestriahquatic transition zone to the detriment of nearshore spefabgatdisruption can
stronglyaffect nongene fish speciesvenin lakes withoutvater qualityproblems associated withultural
eutrophication.

A 2004 survey of 13 southeast Wisconsin glacial lakekibitingmesotrophic conditionsevealed
significant declinesf a number of small nongame specthat inhabit nearshoaeea (Marshall and
Lyons 2008).The statistically gnificant declines had occurred in most of the 13 lakes between the
1970s and 2004. Water quality in these lakes did not change significantiphatveme frameéout rather
the amount of shoreline developmantreased significantlfn some of these lake, Eurasian watermilfoil
also reached nuisance levelSpecies declines includéide banded killifish, State Threatened pugnose
shiner, blackchin shiner, blacknose shiner, State Special Concern leastEthgestoma microperga

and State Special Concern lake chubsudkgmyzon sucetda The study demonstrated that native
species ddmes carelatedwith increased pier densities.

Climate Change has compounded thgpes ofenvironmental stressons the Yahara River Watershed
with increasegrecipitationand nutrient loadingWithin the backdrop o& lake water levels regime
established in the 1970acreased surface rundfas contributed teevere flooding and habitat changes

in nearshore area@hen et al. 2019ane County Land and Water Resources Department 2010).

The purpose of this study was to assess the curgnbdiion and status of smdibdied, nearshore

fishes in the four main lakes of Yahara Lakes Chain: Mendota, Monona, Waubesa, and Kegonsa. Lakes
Mendota and Monona, as well as Lake Wingra, have been regularly sampled for small fishes with beach
seines oran annual basis for over 25 yehysthe University of Wisconstiviadison LongTerm

Ecological Research (LTER) Prograbut Waubesa and Kegonsa have seen vergiealtfish surveys
since the 118#hi9siudywa enployddladmall tow bargettshocker while wading, a



technique more effective than beach seining for collecting fish in areas with complex habitat and
extensive rocks, aquatic plants, or woody debris. Each lake was sampled at multiple sites following with
the same equipmerdrew, and standardized protocols so that results could be compared within and

among lakegand with previous surveys
Methods

A towed DC electroshocking barge was used for all nearshore fish sampling. Thasoperated

aroundl160 volts and 3.5 ampswo anodes were employed for sampling Lakes Mendota and Monona.
For Lake Kegonsa and Lake Waubessingle anode was employed while wadpayallel to shorén

water less thad deep, and an attempt was made to collect alldisiervedBasic information on site
conditions consisted of measuring water temperature and dissolved oxygen (YSI Pro ODO optical meter)
and specific conductance (Extech). Notes on habitat were recorded for eautigliag amounts

aquatic vegetationnal woody debris, etcSites were not randomly selected but rather reflected historic
nearshore sampling sites, other natural sitesites that had to be negotiated within densely populated
piers. Electroshocking distances ranged from about 75 meie'SG meters depending on obstructions,

such as piers, or water depths too deep to safely saffipiefour lakes are heavily developed with most
shorelines armored with either riprap or to a lesser degree seawall. Efforts were made to sample natural
shoelines and shallow shoals so that the amount of effort for each habitatitgjpethe lakess not
comparable.Cobblegravelshoals include areas where water depths gradually increase from very shallow
nearshore areasd with substrate composed of matuock of varying sizesSandy shoals, also

relatively rare, were not considered in this habitat typater depths at riprap sites are typically

relatively deep next to shore, sometimes a meter or greatker is a term used in this report to refle
siteswithout riprapthatwere mostly undevelopedalthoughwater depthsvereoftenmuch greater than

found inrocky shoals. Cobblegravelshoals are uncomman the Yahara Chain of Lakesd are mostly
associated with river inlets and outlets, other small tributaries and parks. Occasionally, riprap was
constructed above the waterline dradtino direct impact on habitéFigure 20) In ths case, the siteras
counted as shoalnce the wier was very shallowAquatic plant beds were not often abundant in

nearshore areas in any of the lakes likely due to scquaitiippugh we were unable to sample weedy bays

because substrates were too soft for wading.



Results
Lake Mendotd&indings

Twenty sites were sampled on Lake Mendota July 11, July 25 and July 30,28@Figure 1). Water

levels exceeded the lostigrm median fromabout0 . 56 t o 1. 106 durR)iWagert he surve
temperatures ranged from 24.29 C. Dissolved oxygen rangddbm 6.7 to 16.3 mg/l with the latter
supersaturateconcentration a result ofveind driven Cyanobacteria bloom. Specific conductance levels

ranged from 459 to 495 uS/cm. Most shorelines were armored with a@pdayaterdepthsnext toshore

were reléively deep. Nearshore water depths all locations wagher than the lonrgerm median values

recorded during the surveyRockyshoals were very scarce in the lakégure3 displays actual water

sampling depths per site (bars) along with loeign median water levels (markers}laee and sixfeet

distancegrom thewater edge. Woody debris was scarce except along publicly owned undeveloped

shorelines.

A total of 12 native species were collected with onltyee consideresimallnongame fises mottled

sculpin, logperchand bluntnose minnowkigure 4displaystherelative frequency of occurrence for the

top five nativespecieghat were collected. Smallmouth bass wastbat the most site<Capture ratesf

nativespecies around Lake Mendatas generally lower than other three lakepectes richness was

greater withirrocky shoals versus riprapandi pr a p ¢ o rothaonatuchl sives (Figure B).

Environmendlly sensitive species collected from Lake Mendota were rock bass, smallmouth bass and

mottled sculpin. Two fish collections of interest included juvenile longnose gar that were found at six

sitesand dundantyoung of yeacommon carp Immature commonarpwere found atwo sites on the

north end of the lake, indicatirgggnificantrecruitment DNR r egul ati ons | i st both
f i s htbelobgadse gais an importananddesirable predator veineashe common cargs a welt

established inasive species that continues to pose lake management challenges.



Figure 1: Map of Lake Mendota sampling locations




Figure 2: Lake Mendota water levels during the survey. Stars indicate electroshocking dates.
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Figure 3: Measured Lake Mendota nearshore dgptrs)at sampling sitesompared withmarkers

adjusted for long term median water levels
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Figure 4: Dominant nearshore fishes in Lake Mendota July 2017
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Figure 5:Native species richnessnong habitat types

Lake Mendota Mean Nearshore Species Richness
Significance <.05

4.25

2.17

Cobble-gravel shoal Riprap Riprap + other

Shoal(N = 4)versus ripragN = 6): t =2.68221 p =.027831, p < .05 significant

Shoal(N = 4) versus riprap + other sitéd = 16} t =2.56796 p = .AL9358 p < .05 significant



Lake Monona Findings

Lake Monona was sampled on J@ieand 27, 2017 at 20 sites (map Figure 6). Water levels exceeded
thelongt er m medi an | evel s by ab ouWatedtempératwtes rangaddront h e s U
20.371 24.1 C. Dissolved oxygen levels ranged from 7.7 to 16.1 mg/l with the lstifgersaturation
measurement recordediring amajor Cyanobacteria bloom. Specific conductance levels ranged from
495 to 59auS/cm. Shorelines at most sites wkeavilyarmored with riprap and orsite included a

seawall. No fish were found along theawall section at #tsampling station Nearshoreobblegravel

shoals were&ery scarce around the laké total of sixteen species were collected from Lake Monona
nearshore zones during two survey dat&® found six mall nongame fish speci@scluding mottled

sculpin lowa darter, spotfin shiner, bluntnose minnow, Johnny damel logperch. Thedish were

primarily found in shallowocky areas along the south shoreline. Woody debris was scarce except along
public shorelinesFive capturedspecies are designated environmentally sensitiveskellunge (but this

fish had been stockedpck bass, smallmouth bass, mottled sculpin and lowa déiigure 8 displays

thesite frequency of thtop five species sampled.he resultslemonstrate #nabundance dfluegills in

the lake Figure 9 demonstrates greater species richness withinlegravelshoals compared with

riprap thatotherwisedominates the remainder of the nearshore habtamhajor fish kill occurred in June

just prior to the stvey, taking common carp, drum, white bass, largemouth bass and panfish near the

Yahara River inlet. The fish kill was caused by a major Cyanobacteria bloom.
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Figure 6: Map of Lake Monona nearshore electroshocking sites
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Figure 7:Lake Monona Water Levels with stars indicating survey days
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Figure 8: Dominant nearshore fishes in Lake Monona June 2017
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Figure 9:Native species richnessaibblegravelshoals and riprap

Lake Monona Mean Nearshore Species Richness
Significance <.05
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Cobble-gravel shoal Riprap

Shoalg(N =7) versus ripragN = 13): T =2.57294 p = 019754 p < .05 significant
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Lake Waubesa Findings

Nearshores ohake Waubesa greelectroshocke on Septembet3 and 14, 2020 at 18 sit@rap Figure
10). Water temperatures ranged frd®.41 20.7 C. Dissolved oxygen levels ranged from 4.2 t0 9.4
mg/l and specific conductance from 520 to B&80cm. The lowest dissolved oxygen level was found at
Site 3 along the south marsh that was too @eeimuckyto safelysamplewith wadable electroshocking
geat These conditions prevemten intended survey of theouthwetland complex Waterlevels

remainedwvell above the longerm median and established summer maximum lekFasie11).

The survey captured 16 fish speci@milar to Lake Monona, bluegillwere very abundant aweere

present at all sampling site¥he dominant six species found in Lake Waubesa are displayed in Figure
12. Anotherommonfeaturesharedwith the other lakes was thebbblegravelshoals supported more
species, particularlthe small nongame species. The highest numbeatifespecieg11) was found

around the Babcock Park island. Mdkgheo natural shorelines were much deeper and produced fewer
species. However, the natural shorelines with large treefalls also supgauteldrgemouth bass

whereas most riprap sites support juvesilebasses Figure 13 displays fish species richness at shallow
cobblegravelshoals versus riprap and other shoreliiBso environmentally sensitive fish species

collected in the lake wemamallmouth bass and lowa darter.

Figure 10: Map of Lake Waubesa sampling sites
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Figure 11: Lake Waubesa levels during the September 13 and 14, 2020i ssbauesy
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Figure 12: Doninant Lake WaubesaearshordishesSeptember 13 and 14, 2020
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Figure 13:Native species richnessaibblegravelshoals, riprap and other shores

Lake Waubesa Mean Nearshore Species Richness
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Shoalg(N = 5)versus ripragN = 7). t = 1.37146, p =.200217, p < .05 not significant

Shoals(N = 5) versus riprap + other shor@d = 15) t = 2.33172, p = .033111, p < .05 significant
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Lake Kegonsa Findings

Lake Kegonsa was sampled duly 30 and August 1, 20E8 20 sites (map Figudel). Water
temperatures ranged from R27.4 C. Dissolvedxygen levels ranged from 7-24.4 mg/l and specific

conductance levels ranged from 5487 uS/cm.

A total of 18 fish species were collectedommon carp YOY was the most common species found in the
nearshore areas. It was collected in 14 of that&8, snostly within rock riprap. Three environmentally
intolerant species, smallmouth bass, lowa dgatet mottled sculpin, were collected. At Site 17, over
200 lowa darters were collectadthin a shallow rocky shoal alorigake Kegons&tate Park.Lake

Kegonsa adby far the mostowa darters among the four lakegen though it has historicalbeenthe

most eutrophic.Cobblegravelshoals are more common around Lake Kegonsa than the other three lakes
although it was sampled during a year whhrorically high-waterlevelswereless gverethan when the
other lakes were sampléBigure 15) Theonly site withmottled sculpinvasat the mouth of aool-cold
transitionaltributary (Site 7) Thetributarywatertemperature was6.1 C 61 degrees J In recent
decadesadpole madtombave onlyrarelybeencollected in the Yahara Chain of Lakesit three

individuals were found at two sites in Lake KegonBayure 16 displays the dominant fish species found
in the lake.In general, sectits of the lake near the inlet and outlet and shatiobblergravelshoals
provided the most favorable habitaisr most small nongame fishHabitatwas alsayenerally poor
arounddensely packegdiers Riprapprovidedhabitatfor some specieincluding immature common
carp,alongsandy shodies. Consistent with the other three lakesbblegravelshoals supported

greater numbers of species and nongame fish in general (Figure 17).

17



Figure 14: Map of Lake Kegonsansgling sites.

Figure 15: Water levels during the late July early August 2019 survey

-
aUSGS
USGS 425715089164700 LAKE KEGONSA AT BARBER DRIVE NEAR STOUGHTON, Wi
3.98
3.80 |
L
- —_—
& 3.78 T
£ 3.60 P —
'8
£
o 3.58
]
1]
1]
3.46
3.38
Jul Jul Jul Aug Aug
29 38 31 a1 a2
20819 2819 2619 2819 2019
==== Provisional Data Sub_ject to Revision ==-=-=
Hedian daily statistic {15 years) — Sunner Haxinun Level
— Gage height

18



Figure 16: Dominant nearshore fishes in Lake Kegonsa July 31 and August 1, 2019
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Figure 17:Native species richnessaibde-gravelshoals, riprap and othehorelines

Lake Kegonsa Mean Nearshore Species Richness
Significance <.05
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Discussion

Considering the four lakes collectively, Figuredgnonstrates that tfieequency of occurrence for
common sunfishes and yellow bullheaa@bblegravelshoals and riprapas similarin the first
histogram. In the second histogram, nongame speciesrapared for both habitat types. The data
suggest that riprap selects for sunfishesyalidw bullhead butmay notprovidemorehabitat than shoals
for this fish guild Otherwisecobblegravelshoals arelearly important for nongame fishegigure 19

demonstrates that most nongame fish inhadiiblegravelshoals or other natural shorelines.

Figure 18: Comparing the frequency of occurrence for 10 Yahara lakes fish species.
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Yahara Lakes Nongame Fishes Occurrence in
Shoals and Riprap
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Figure 19: Comparing habitats wher@ngame fish species were collected
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The original goal of the surveys was to assess species richness and distribution of nearshore fish
populations, with particular interest in rare and declining small nongame fishes. The sampling locations
were notseletedrandonty. Sample locations weeecombination ohistoric sample sitesiccessible

natural shorelineand riprap areasThemore widespreadprapshorelinesnay have been
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underepresergd Sampling some riprap areas was prohibitiue todensepier clusters We also had an
interestin samplingdiverse habitat typgeregardless of relative abundan®€hile thesurvey goal was not
desigredto directly compareriprap withcobblegravelshoalsthe data suggest significamibitat
differences.

It is important to note that our survey used a sampling technique, wading electrofishing, that was

optimized to capture small speciesthat ved i n areas of fAcover o, rocky
piers and other structures, and aquatic plants. It was not as effective as a beach seine, as used by LTER,

for species that swam off the bottom in open, unobstructed water. For example, the brook silverside, a
schooling opefwater species, has been thestnmmmonly captured small fish from lakes Mendota and

Monona by LTER, although we caudbtv. Neither our electrofisher or a beach seine is effective in

weedy bays that have bottoms too soft for wading, such as parts of University Bay in Lake Mendota and

the Waubesa Wetlands in Lake Waubesa. Here, other techniques, such as minnow trapsnassmall

fyke nets, would need to be employed to collect the small fishes present.

Our findingsindicatethathigh-quality habitat important fosmallnongame fish sgries, particularly
native minnows (Cyprinidae) and darters (Percidaeglatively scarce in the lakesMost shorelines are
now armored withiiprapthat often increase shoreline deptixeeper watethat is typicallyassociated
with armored shorelindsasbeenamplified by recent record rainfallgndlake levels are alsegulaed
andmaintained higher than historic levelfhe most recent water level orders were establidbedg
t he 1estallishing higher minimum levg®ane County Land and Water Resources Department
2010). It remains uncleawhat thespecific reasonsontributed toward the massive development of
shoreline armoring Perhaps eroding shorelines reflected a combinatibigbérregulatedvater levels
with increasegrecipitationassociated witiClimate Change

The 19Ds WDNR lakewater level orders were designédpart to sustain higher lakes levels to

improve northern pike access to spawning habiféke decisions at that time preceded significant
research on fluvial geomorphoblgdncluding floodplain aggradatiorEuro-American settlemeriiad
increasedaoil depositon acrosgloodplains with incised channels that became unconnectedtigih
floodplairs (Knox 2006). The goalto maintain highelake levelsor northern pike spawningould

unlikely compensate foelevated floodplains and incised streenannels In addition to floodplain
aggradation, wetlands declined about 50% in the Yahara watershed (Lathrop et al. 1992). Maintaining

higherlakes levelwill alsounlikely compensate fdnistoric wetlandosses.

The existing lake water level ordgyeeceded information on Global Warmingth predictedncreased

precipitationas a consequencé&he Dane County Board adopted 2018 RE3 establishing a Technical

22



Work Group to investigationauses fothe severe flooding that occurred in 2@l find emedies

Final recommendations included actions such as dredging and aquatic plant harvesting to increase river
dischargeates from the lakes. The recommendation did not include changing the existing seasonal Lake
Mendota water level regime. Chen Bf2019) applied models to determine that reducing the minimum
Lake Mendota water level could reduce flood magnitude and frequémcgcological benefit toeduced

lake levelds the likely expansion afhallow shoals in Lake Mendotahere fewnow exist

Not all riprap areas resulted in the saategreeof habitat change. In Figu®, the photo of a heavily
developediprap shorelin@ppears to be a drastic charfigen naturalhabitat. However, at this site the
riprap was actually constructed above wsger line and the nearshore habitat waslzblegravelshoal
that supported lowa darterbigure 21 demonstrates the extent of shoreline modifications that had
occurred along Lake Mendota and Lake Monona. The impact of shoreline modificaticmss
dredging, grading and riprap, can vary based on fetch and other factors.

Two species of interearethe tadpole madtom and lowa darter. Lyons (1989) reported that the tadpole
madtom had not been found in Lake Mendota for decdéedunately afew remainin the system

including a single specimen found in Cherokee Marsh (2016) and three individualafdwodsitesn

Lake Kegonsa. Lyons (1989) also listed lowadadess Afunoommohake Mendot a.
any inLake Mendotabut the other three lakdsad them Numerous individuals were found in Lake

Kegonsa wherthenearshore water is generally shallower than in the other three lakes.

|l owa darters are considered fisecureo i dasW2®consi
fimperileddin lllinois, Pennsylvania and New York. Across their range they are generally considered
vulnerableas their distribution is declining. In the Yah&akesChain their uncommon distribution also

suggests they are vulnerabléhin this watershed

The common threats to associated with nongame species include Eurasian watermilfoil invasions,
development of piers and other nearshore strugtangseutrophication. The severe Cyanobacteria
bloom and fish kill in 2017 was clearly a demstration of water quality threats. However, all four lakes
still supportself-sustainingenvironmentally sensitive species (smallmouth bass, rock bass, mottled
sculpin and lowa darter). The continued survival of tleeséronmentally intolerargpeciesnay suggest
that habitat loss may be a greater threat. Now that Eurasian waterhafsignificantly declined and in
many areabas beemeplaced with wild celeryMallisneriaamericand (Dane County unpublished data)
the dearth of shallowocky shoak appears to be a significant impairment for the survival of $otthm
dwelling nongame species such as tadpole madtoms and lowa dartersdiSdpgiearanceould

represent another incremental loss of nature from these historic glacial drainage lakes.
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Figure 20: Photo of heavily developed site with dry riprap and existing shallow shoal

This heavily developed site offers little in the way of cover for adult panfish or gamefish. Butitis a
rocky shoal in front of dry riprap and supports lowa dartdterhaps other riprap sections of the lakes
could be restored to cobbkigavel shoals under lower water level regimes?
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Figure 21: WDNR Surface Water Dataviewer locations of shoreline wetland modifications in Lake
Mendota and Lake Monona

Along Lake Mendota shorelines, the dots indicate riprap, seawalls, armoring repair/replacements,
dredging, miscellaneous etc. Between 20@020, DNR records indicate 22 riprap, 2 seawall, 33 riprap
repair/replacements, and 4 seawall repair/replacement permits.
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